Abstract: CLAESS is a general-purpose absorption spectroscopy beamline at the ALBA CELLS Spanish synchrotron. Its optical layout is presented here along with its powerful capabilities for collecting absorption spectra with high signal to noise ratio in an unusually wide energy range (2.4-63.2 keV). Continuous energy scanning for quick scans is available, allowing to collect X-ray absorption near edge structure and extended X-ray absorption fine structure spectra in 3-5 and 8-10 min, respectively. The full automatization of the beamline allows performing successive measurements at different conditions without attending to the beamline. The different experimental setups available to users are reported. Examples of XAS measurements are presented, showing the performance of the beamline at different standard conditions. Subjects: Chemistry; Materials Science; Physics Keywords: X-ray absorption spectroscopy; synchrotron radiation instrumentation; X-ray beams and X-ray optics; study of matter at extreme conditions
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Our group research activities are focused to investigate different functional materials with a particular interest to the study of the interplay between lattice and electronic properties in highly correlated systems and other technologically relevant materials, such as high-Tc superconductors, thermoelectric chalcogenides, battery materials, shape-memory alloys, and environments or health correlated materials.
Our experimental approach is to exploit XAS because of its powerfulness and versatility. XAS is a site-specific probe of the distribution of valence electrons, local structure, and chemistry around a selected absorber atom. Moreover, it does not require crystalline order and is therefore an ideal technique to investigate matter in all its forms: crystals, liquids, glasses, and gases.
XAS is predominantly a synchrotron technique due to its intrinsic necessity to tune constantly the incoming photon energy and because it requires a high photon flux. At ALBA synchrotron, CLAESS is a beamline dedicated to XAS.
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X-ray absorption spectroscopy is an elementselective local probe to access the structure and electronic properties of matter in all its forms: crystals, glasses or amorphous, liquids, and gases. This is predominantly a synchrotron technique, usually not accessible in research laboratories, due to its intrinsic necessity to tune constantly the incoming photon energy and because it requires a high photon flux. Due to its wide versatility, this technique attracts a large and growing community of users, comprising physicists, material and catalysis scientists, environmentalists, electrochemists, biologists, etc.
CLAESS is the new general-purpose absorption spectroscopy beamline at the ALBA CELLS Spanish synchrotron which was opened to users from 1 March 2013.
In this paper, we report about its optical layout and available experimental setups, showing its powerful capabilities for collecting quick absorption spectra with high signal-to-noise ratio in an unusually wide energy range (2.4-63.2 keV).
Introduction
X-ray absorption spectroscopy (XAS) is an element-selective local probe to access the structure and electronic properties of matter in all its forms: crystals, glasses or amorphous, liquids, and gases (Koningsberger & Prins, 1987; Stern & Heald, 1983) . This is predominantly a synchrotron technique, usually not accessible in research laboratories, due to its intrinsic necessity to tune constantly the incoming photon energy and because it requires a high photon flux. Due to its wide versatility, this technique attracts a large and growing community of users, comprising environmentalists, electrochemists, biologists, material and catalysis scientists, etc. CLAESS stands for core-level absorption and emission spectroscopies. At ALBA synchrotron, CLAESS is a beamline dedicated to XAS. It is installed on a wiggler insertion device in order to access a very wide energy range: from 2.4 to 63.2 keV, with high photon flux (10
13
-10 10 ph/s) and beam stability (around ± 15 m) to meet the needs of a large number of researchers. Various fields of research are exploiting this instrument since its opening to users (1st of March 2013): environmental science (Doménech, Ziegler et al., 2016; Gomez-Gonzaleza et al., 2016) , energy storage (Balachandran et al., 2015; Doménech, Romero et al., 2016; Domínguez et al., 2016; Eslava, Iglesias-Juez, Agostini, dez-Garcá, & Guerrero-Rui, 2016; Kylie et al., 2016; Masa et al., 2014; Olszewski et al., 2016) , cultural heritage, and catalysis (Bansode et al., 2014; Blanco et al., 2016; Domínguez et al., 2015; Grünert et al., 2014a Grünert et al., , 2014b Santos et al., 2015; Schacht et al., 2015; Wezendonk et al., 2016) , as well as solid state physics (Caramazza, Marini, Simonelli, Dore, & Postorino, 2016; Cuartero et al., 2015; García-Prieto et al., 2015; Lafuerza, García, Subías, Blasco, & Cuartero, 2014; Lafuerza et al., 2015; Padilla-Pantoja, Herrero-Martín, & Gargiani, 2014; Paris et al., 2016) , chemistry (Stekrovaa et al., 2014) , and bio-chemistry (Escriche-Tur et al., 2015) . In this paper, we report the description of the CLAESS beamline and its potentiality. First of all, we present the beamline layout (from the optical to the experimental hutches) and the available and under-development sample setups. We then report about the available acquisition modes, giving information as well on the already ongoing upgrades. Finally, we show examples of the spectra quality obtainable at CLAESS. Figure 1 shows the optical layout of the CLAESS beamline, located on a hybrid NdFeB 25 poles 1-mlong wiggler, with maximum on-axis field of 1.74 T and minimum gap of 12.9 mm, to achieve a theoretical maximum energy of 70 keV. Fixed and movable masks made of Glidcop AL-15, having thickness 124 and 200 mm, are placed at 9.6 m and 12.8 m respectively, downstream the wiggler source, to define the correct shape of the X-ray beam and to reduce the thermal heat load.
Beamline optical layout
Downstream the wiggler (the fixed masks) the beam divergence is estimated to be ±2.21 mrad and ±0.34 mrad (±0.94 mrad and ±0.27 mrad) in the horizontal and vertical directions, respectively. A set of diamond and carbon filters is located at around 17.6 m from the source to control the thermal bumps on the two first optical elements. The first optical element is a collimating mirror placed at 18.8 m from the source. It has an optically active length of 940, 940, and 1,100 mm and width of 32 mm for the Si, Rh, and Pt coatings, respectively. It is positioned at a variable angle with respect to the direct beam (with a working angular range of 1.3-4.7 mrad). The water-cooled mirror is kept in a liquid Ga bath and is operating under ultra-high vacuum conditions. Its radius of curvature is chosen in order to optimize the energy resolution, beam intensity, and focal properties. The white beam, coming from the collimated mirror, is then monochromatized by means of a liquid nitrogen-cooled double-crystal FMB-Oxford monochromator placed at 20.9 m from the source. The energy range 2.4-63.2 keV can be covered using interchangeable, under ultra-high vacuum, pairs of Si(111) (in general for E < 12 keV) and Si(311) (in general for E ≥ 12 keV) crystals. The active areas of the first and second crystal (upstream and downstream, respectively) are 60 x 45 and 180 x 40 mm 2 , respectively. The flux intensity decreases approximately by a factor 2 while the energy resolution improves substantially when moving from the Si(111) to the Si(311) reflection (inset in Figure 1 ). The monochromator angular range is between − 3 and 58 degrees, with a resolution of 0.5 rad. To keep the beam exit height fixed during the monochromator rotation, the distance between the two monochromator crystals varies together with the Bragg angle during the energy change or scan. The second crystal angle can be tuned independently to optimize the parallelism of the two crystals and hence the beam intensity. At 24 m from the source the monochromatized beam is focused from 1 × 10 mm 2 (standard front end movable masks aperture) down to 100 × 200 m 2 (vertical × horizontal) beam size at the sample position (36 m from the source) by means of a toroidal focusing mirror. Two toroidal mirrors with U-bender and different coatings, Rh and Pt for low and high energy, respectively, are exchangeable under ultra-high vacuum. They have an optically active length of 1000 and 1300 mm and width of 32 and 35 mm for the Rh and Pt coating, respectively. The focusing mirror is positioned at a variable angle with respect to the incoming beam, depending on the chosen angle of the collimating mirror and the required beam focal properties at the sample position (with a working angular range of around 0.4-4 mrad). Higher harmonic contributions to the selected energies are rejected by the incidence angles and coatings of the collimating and focusing mirrors. All the optical elements are located in the optical hutch. There are no windows in the beam path, and the vacuum presents a gradient from 10 −10 bar, close to the front end, to 10 −8 bar, at the photon shutter isolating the optical from the experimental hutch. We have defined five standard optical configurations to cover the full energy range. To switch between them requires less than one hour (5-60 min), since the procedure has been strongly automatized. Anyway few hours (2-4) should be considered for optics thermalization in order to avoid temperature drifts.
Experimental setup
In Figure 2 , a sketch of the experimental hutch downstream the focusing mirror is reported. Here, a very wide motorized table allows following the beam movements in the vertical direction due to the change of configurations necessary to cover the entire energy range (around 50 mm). On this table are located a set of slits and an array of filters to control the beam intensity at the sample position. A series of three ionization chambers, placed after the slits on the motorized table, permits to measure the photon flux before (I 0 ) and after (I 1 ) the sample and a reference (I 2 ). At the entrance of I 0 is located the first window of the beamline since the ring, a kapton foil of 13 m, to access the lowest energies. The ionization chambers, isolated by one entrance and exit 13 m kapton foil windows, are filled with optimal He, N 2 , Ar, Kr, and Xe gas mixtures at a standard pressure of 1 bar, and are operating at a field of 3. On the right are shown the X-ray absorption edges accessible within the CLAESS energy range (2.4 < E < 63.2 keV). keV) energy, respectively) placed at 90 degrees with respect to the incoming beam is used. A PX5 digital pulse processor is used to collect the detector signal. The fluorescence detector is mounted on a motorized stage allowing the variation of the sample-detector distance from around 30 up to 110 mm. At the moment, from 1 to 6 hours are required to set the fluorescence detector in order to reach the best possible data quality, depending on the sample under investigation.
Although not the objective of this particular paper, it is worthwhile to mention the presence of a unique X-ray emission spectrometer (CLEAR) between I 0 or I 1 and the sample (https://www.cells.es/ en/media/news/x-ray-emission-spectroscopy-available). The CLEAR spectrometer is still under commissioning but it is expected to be operational from the beginning of 2017, in the energy range 6.4-12.5 keV. XAS and X-ray emission spectroscopy (XES) are the two faces of the same coin. In XAS the samples under investigation are illuminated with photons of selected energies resulting in electronic transitions from occupied to empty levels or to the continuum, and the evolution of the absorption coefficient as a function of energy gives access to the local electronic and structural properties around the absorber. On the other hand, in XES the samples under investigation are illuminated with photons of energy well above a selected absorption edge, and the decay, i.e. the fluorescence signal following the creation of the core-hole, is studied as a function of the emitted energy to access complementary information on the local electronic, magnetic, and structural properties. The CLEAR spectrometer allows to energy-analyze the emitted fluorescence and to resolve with good energy resolution the signals from the different de-excitation channels. Last but not least, thanks to the combined use of a Mythen unidimensional detector and a silicon diced analyzer, it is possible to acquire a spectrum on a single-shot basis. In practice, this enormously boosts the scientific possibilities of the CLAESS beamline since it will give access to all the complementary information obtainable by investigating the atomic emission lines and, the rather featureless XAS spectra, obtained with the conventional energy integrated mode, become spectra with fine structure containing key information on electronic levels and magnetic properties. Details on the instrument will be published soon. Figure 3 shows the setups currently in use at CLAESS. All the standard sample environments are working in vacuum (10 −2 bar), can be subjected to motorized rotation with respect to the incoming beam by means of a home-designed and built rotary feedthrough, and are quickly interchangeable in the experimental hutch at 36 m from the source. A motorized stage allows for sample alignment in the vertical and horizontal directions, perpendicular to the X-ray beam in a range of about ±1.5 and ±1 cm, respectively.
Sample environments
The most exploited standard setup is the liquid nitrogen cryostat (LN 2 -cryo), that allows fully automatized X-ray absorption measurements in both transmission and fluorescence modes between 80 and 1,000 K. Below 600 K spectra are measurable as well in total electron yield mode to access to higher surface sensitivity. The recently installed standard liquid helium cryostat (van der Linden et al., xxxx) extends the temperature range towards lower temperatures. It operates automatically between 5 and 325 K in both transmission and fluorescence modes.
A standard solid-gas reactor allows in situ measurements, i.e. in gas environments, up to a gas pressure of 4 bar, only in transmission mode, and in a temperature range from 80 to 1,000 K. Also, in this case the temperature is controlled remotely. A second special cell (multipurpose cell) for the in situ study of catalytic materials has been developed in collaboration with the Instituto de Tecnologia Quimica (ITQ-UPV). This gas-solid reactor is not integrated in the standard beamline setup and it is not operating in vacuum. It allows for measurements both in transmission and fluorescence modes in a temperature range from room temperature up to 1,000 K and up to a maximum gas pressure of 8 bar.
An online camera allows visualization of the beam with respect to the sample. It is not integrated in the standard setup and it works in air. It is possible to mount a pinhole on its motorized support to further reduce the beam size (optimal focus 100 × 200 m 2 ). For example, the beam can be reduced to approximately 50 × 50 m 2 with 70 m diameter pinhole placed at 5 cm upstream the sample, with the focus optimized between the pinhole and the sample. In this case, it is necessary as well to work in air and the intensity of the beam before the sample is monitored by the combination of a scatter and an overhead diode located between the pinhole and the sample.
A new standard gas-solid reactor is under development and is expected to be operational in 2017. The accessible temperature range will be extended between the liquid nitrogen temperature (80 K) up to 1,200 K, and the gas pressure range up to 20-50 bar. Not only the temperature will be controlled remotely but also it will be possible to switch automatically between transmission and fluorescence modes, something that is not possible at present with the multipurpose cell. There will be the possibility to simultaneously mount two samples in the same reaction conditions and to switch between them automatically.
Additionally, two standard liquid setups are under development and are expected to be operational as well in 2017. The first one will work in continuous flow at room temperature, while the second one will be a static liquid cell of variable thickness, compatible with the LN 2 -cryo.
Acquisition modes and results
At CLAESS, spectra can be acquired in either step or continuous mode. In step mode, the acquisition is performed in static mode, as soon as all the motors have reached the desired position. In continuous mode, we are measuring while the monochromator is moving at a constant speed, defined by the two extreme points of the scan and the full acquisition time of the spectra. Since the dead time due to motor movements in step mode is around 2 seconds per point, in general the continuous mode is used both for experiments in transmission and fluorescence mode, with a difference in the number of repeats necessary to reach a good signal-to-noise ratio. We are developing an optimized continuous scan that will allow to change the monochromator speed during the measurements in order to differently weight the different parts of a spectra. Typically, a full EXAFS (XANES) spectra takes around 8-15 min (3-6 min). While in transmission mode at least three repeats should be foreseen to check for reproducibility, in fluorescence mode at least 12-40 (3-15) repeats are necessary to access a good signal-to-noise ratio in the EXAFS (XANES) region, depending on the sample. It results that working in fluorescence mode is, at the moment, very time consuming. Moreover, in fluorescence mode we are often measuring the emission line of highly diluted elements, and the signal coming from the single channel detector appears not enough to reasonably access less than few tens of ppm of concentration. To increase the efficiency and the sensitivity of the CLAESS fluorescence experiments a multi-channel SDD has been procured and we expect to have it available in 2017. In Figure 4 , few representative XANES and EXAFS spectra are reported for the S (2.5 keV), Fe (7.1 keV), Mo (20.0 keV), Te (31.8 keV), La (38.9 keV), and Yb (61.4 keV) K-edges, collected at CLAESS on ZnS powder, Li x (NH 3 ) y Fe 2 Se 2 and MoSe 2 , and MoTe 2 single crystals, and La 5.6 WO 12− and Yb 2 O 3 pellet samples, respectively. While the S, La, and Yb K-edge spectra were acquired in transmission mode at RT, the Fe, Te, and Mo K-edge spectra measured in fluorescence (beam polarization // caxis) and transmission mode, respectively, were acquired at 80 K, all of them in the LN 2 -cryo standard setup. Instead the reported Fe K-edge spectra collected in transmission mode (beam polarization // a,b-plane) have been measured at 10 K in the Dynaflow cryostat. The noise level has been estimated in 10 −4 for all the absorption spectra reported using jefs program, an automatic subroutine for EXAFS evaluation inside GNXAS package (Filipponi & Di Cicco, Filipponi), taking into account the different spectra integration time. It confirms the potentiality of this facility in the full energy range independent of the exploited sample setup. Further examples of results collected at CLAESS are reported in the literature (Balachandran et al., 2015; Bansode et al., 2014; Blanco et al., 2016; Caramazza et al., 2016; Cuartero et al., 2015; Doménech, Romero et al., 2016; Doménech, Ziegler et al., 2016; Domínguez et al., 2015; Domínguez et al., 2016; Escriche-Tur et al., 2015; Eslava et al., 2016; García-Prieto et al., 2015; Gomez-Gonzaleza et al., 2016; Grünert et al., 2014a Grünert et al., , 2014b Kylie et al., 2016; Lafuerza et al., 2014; Lafuerza et al., 2015; Masa et al., 2014; Olszewski et al., 2016; Padilla-Pantoja et al., 2014; Paris et al., 2016; Santos et al., 2015; Schacht et al., 2015; Stekrovaa et al., 2014; Wezendonk et al., 2016) .
Conclusions
In summary, the optical layout and experimental setups available at the CLAESS beamline at ALBA are described in this paper along with a few examples of X-ray absorption spectra collected in the different standard conditions at different energies. We report about the powerful CLAESS capabilities for collecting quick absorption spectra with high signal-to-noise ratio in an unusually wide energy range (2.4-63.2 keV). The CLAESS efficiency is enhanced by the full automatization of the beamline and of the experimental setups. The current ongoing upgrades are discussed as well. 
